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Lightweight parallel index construction for string matching

SHINYA HAvAsHIt and KENJIRO TAURAT

String matching is a fundamental task in text processing. Though suffix array is a very
useful index data structure for string matching, its space usage is problematic. Compressed
index, which provides almost the same functionality as suffix array and can be expressed in
succinct form, is a valid solution for the space problem of suffix array. In this paper, we
propose a lightweight and parallel method to conduct a transformation called BWT, which
is a bottleneck in constructing compressed index. a transformation called BWT, a dominant

phase in constructing compressed index.
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mississippi$ 0 11 $mississippi i
ississippi$m 1 10 i$mississipp p
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B 1 7% AF T="mississippi$”® BWT
Fig.1 BWT of a text T="mississippi$”

2. EREMW

2.1 Suffix Array

Suffix array” (SA) 13 T D4 T D suffix % FEHNEIC
WO Z, 45 suffix 237 F R M eI 2 AriE % #%
WMLZESITH L. T O suffix &1, T D&EFH» S
0, mEE THRCHOIXTFIIZEKT 5. SA 13T
BOWIXTINHT A Ty 7 ATHBLD, 7
J LEHIRNA ;Y F =8 L XY D 23RET R

—ZI L THREBLITAS &) Ridid 5.

SA OZEHEIERIZ O(nlogn) v FTHS. I
ZIED T F A FIZHART logn/logo fERE L.

2.2 Burrows-Wheeler Zif2

SA DAR—ZADMEZ ERT 2 FE L LT, i
AV Ty I ADBERNTH 5. A v T v 7 ADHT
b FM-Index® EMHIN 2 FHETIE, £F7F A M
%t LT Burrows-Wheeler Z#2 (BWT)Y %179 . b
TIZBWT OE&EZRT.
E# 1 (Burrows-Wheeler Z54).

T, SA[i)] =0

o sai=0)
Tsapj-1 (otherwise)

BWT IZ X DA I 72 7 F R MTI[A U XDy

L THNL TV EWIWELDH 5. Fil 2 IXEFEIC
1&” The” & \» 9 HFEDEZ C LT 5 7: 9, "he” 55
1R E % suffix DHICT? &\ XFEBBEN B HERDIE
V. ZOREHE, BWT OfjHT he” 2> 618 % % suffix
(RIS B HEFE I 137 T A8 L TR < 72510
COMWHIZL D, BWT 2f7->7%7 ¥ A M3EMEL
T %%. HlE LT, T = "mississippi$” @ BWT %
1IZART. 2ot TP = "ipssm$pissii” &
AR

PIFTIix, BWT ODHﬂJ LT o B30T 7ot
DT EH BWT LIRS

(© 2013 Information Processing Society of Japan

SACSIS2013
2013/5/22

2.3 LF-Mapping

YV — b N7 suffix DBEX T2 EDLIIE F,
250 1 OHiOXF2ED RS E L &35 (L3
BWT ZDbDTH3). ZDLE, LhDHEXTFNF
HIZ BN 5 (71 % ko 248 (ED 2 & % LF-mapping®
&9 . LF-Mapping %R % 7= & 12id, [H U EHO
XFOMNE F, LICBWTHLTH S L) HEH%E
fIHT 5. DUTIC LF-mapping DEHRE T .
E# 2 (LF-Mapping).

LF(i) = C(L;) + rank(L;,i) — 1 (2)

7L Cle) BT IS, i e XD /RS VI
D¥ %R T BISL, rank(c, ) & L @ i FHETICENS
XF c DBZRTHEBEZRT. BWT[i| =% £ 455
Ft i 206, BWT[i], BWT[LF(3)], BWT[LF?(i)] - - -
&) X912 LF-Mapping Z#tDiKT &, 7¥ A b %
WAZICEILT 22 LN TE S,

3. BEMRE

3.1 BTV —hrZERWAE

Karkkidinen (24> 7VyY — F 2t L Fikz %
KL ZOFETE, TV 200 suffix 29~
TV 7L, V—FT5. ZLTETO suffix ¥~
TV v TEINT A suffix LKL, ED200% T
Vv 7T suffix OEIC A THET 5. 2D,
IS NIA Ty 215 L TIHIC SA DR, BWT
DFEEITS. 2952 LT, TR Mafiawd
% SA OWSELZPIE, V) IHREZHIHNTE 5.

Karkkdinen O FEIZ W LSATRETH 5 23, ¥ v~
TV T TEEERE r—1 £ L7zE &, suffix Doy
I O(rn) OWRBIZ T 2. 2D, 7Y T4 AL
RNAMO(n) Z FREIS Z EIFTE R,

3.2 BWT-IS

RSP 5 13, SA OREEE T L 2Y RATH 5 SA-ISY
% BWT OMFUHH L7z BWT-IS 25 % L 7. SA-
IS Tld £ 9% suffix # 7 ¥ A b T—2% %D suffix
EDOFEEWN AR AMISUTL AL, SHIC/HHT 2. &
S LENCBEET 2 /5D S B suffix & LMS 1 L3¢
75, MTESOFIETIE, SAIS ICEBWTHAZ
N3N oMoW&EE BWT IS/ L Ch@EHL,
3 LMS o> BWT Z#& L, 2225 LA, SHo
BWT #1835, 20k cts o LT, BWT
% O(n) ORHGEHEE THETE 5.

FEFIR & OFETIE, HlZ13F 2 —DEEZNEIZ pop
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1 typedef struct BWT{

2 string bwt;

3 vector<int> sampledSA;
4 bit_sequence mark;

5 } BWT_t;

6

7

BWT_t Merge(const string &T, BWT_t &left,

BWT_t &right){

8 BWT_t merged;

9 gap = ConstructGap(T, left, right);

10 merged.bwt = MergeBWT(T, left, right, gap);

11 merged.sampledSA = MergeSampledSA(T, left, right,
gap);

12 merged.mark = MergeMark(T, left, right, gap);

13 return merged;

14 }

15

16 BWT_t BWT Tree(int begin, int end, const string &T
H

17 if(end — begin <= THRESHOLD){

18 return BWT_Small(begin, end, T);

19

20 int mid = (begin + end)/2;

21 BWT_t left = BWT_Tree(begin, mid, T);

22 BWT_t right = BWT_Tree(mid, end, T);

23 return Merge(T, left, right);

24}

K2 RETFEOHMa—F
Fig.2 Pseudo code of proposal method.
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T pccadb

To" aabdca =

gap 1010220
3 gap Ml TPW L TPV oe—v
Fig.3 Merging le“’t and T;’“’t using gap array.
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L7, AJNCWE 7 V¥ LEF TR IN S T A b
Z M7z, §HiiiZ CPU 2% Intel(R) Xeon(R) E7540
2.00GHz, X €Y 256GB D<= v Tiio. a7
X224 TH 5. FHOIZETH—~/ —F ETirork.

HRZ2RL1L K287, BETHEOBRX7ILIY
AL D 2 D &R TRBREIREPRE WD, #E
IR R E v X BV IHEICBIL TIE, BWT-IS &
DyfizeonTws, L, HBEOREFEDOE
HEIIREDIBEL DL BT F A MW EDI N2> T
B, M BWT-IS K D fE->TWw5 EIFFE AR\,
2D, SHEDTHEEIT)I FETH .

RIZ, REFHEDOA T =5V T4 Z2HWELZ LD
X 4R T. WHHLICIZER L DBIFE L T3 94 7
Z Y T&H % MassiveThreads ZF[fH L 7. 7% A MlZ
100MB Db D &AL 7. Khoftiid 1 2 7 TET
L7283 2R 2RISR L7 b o Th 5. i
Ffbic & b gD R AT 22.69 fflIcE Tl EL . 2
D L EDFEFTRENZ 205.09 B TH D, 24 BWT-IS
DMHEZ B> Tw 2

6. Hb O
KRFETIESCFIIRRD 7= D DIEMA v F v 7 AD

R1 T—FYA RITNT TR [s] DZAL
Table 1 Change of execution time[s] to data size.

‘ proposal ‘ BWT-IS ‘ SA-IS

10[MB] 358.82 8.89 4.53

20[MB] 772.02 23.76 13.80
50[MB] | 2135.24 80.45 53.83
100[MB] | 4652.87 | 209.35 | 126.50

R2 TV ARXCHT ATV HEHE [MB] 0%k
Table 2 Change of memory usage[MB] to data size.
‘ proposal ‘ BWT-IS ‘ SAIS

10[MB] 56.21 80.45 98.67
20[MB] 101.61 147.14 | 194.78
50[MB] 245.34 299.29 | 479.42
100[MB] | 437.68 532.21 | 901.14

(© 2013 Information Processing Society of Japan

# of cores

4 1 a7oMREZE 1 L Lo 2l

Fig.4 Relative performance to 1 core execution.
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PO EE2EZTHnS.
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